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(57) ABSTRACT

A method for cleaning a component in a substrate processing
apparatus including a processing chamber, foreign materials
being attached to the component, at least a part of the com-
ponent being exposed inside the processing chamber, and the
substrate processing apparatus being adapted to load and
unload a foreign material adsorbing member into and from
the processing chamber. The method includes loading the
foreign material adsorbing member into the processing cham-
ber; generating a plasma nearer the component than the for-
eign material adsorbing member; extinguishing the plasma;
and unloading the foreign material adsorbing member from
the processing chamber, wherein the generation and the extin-
guishment of the plasma are repeated alternately and the
foreign material adsorbing member has a positive potential at
least during the extinguishment of the plasma.
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1
COMPONENT CLEANING METHOD AND
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Japanese
Patent Application No. 2008-322670, filed on Dec. 18, 2008,
the entire contents of which are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to a component cleaning
method and a storage medium; and, more particularly, to a
component cleaning method for removing particles attached
to a component of a substrate processing apparatus by a
plasma.

BACKGROUND OF THE INVENTION

As for a method for cleaning a wafer for semiconductor
devices after a dry etching process or the like, there is
employed a wet type substrate cleaning method. This method
removes foreign materials, e.g., particles, by dipping a wafer
to be cleaned in solution or solvent or by spraying solvent or
solution onto the wafer to be cleaned and then rinses the wafer
to be cleaned with pure water if necessary.

In the wet type substrate cleaning method, the solvent or
the solution may remain on a surface of the substrate after a
cleaning process, which may cause watermark, surface oxi-
dation or the like. In order to cope with such case, a spin dry
process is provided to dry and remove the remaining solution,
pure water or the like, after, e.g., a batch dipping process or a
spraying cleaning process (see, e.g., Japanese Patent Appli-
cation Publication No. 2008-41873).

In the spin dry process, when the solution, the pure water or
the like is volatilized, liquid-vapor interfacial tension acts on
a protruded pattern formed on a wafer surface and, thus, the
pattern collapses. Further, when a wafer has a so-called low-k
film, it is easy for the solution, the pure water or the like to be
deposited in a porous portion of the low-k film. Once the
liquid is deposited therein, it cannot be completely removed.

On the other hand, there is suggested, by the present inven-
tors, a wafer dry cleaning method (see, e.g., Japanese Patent
Application No. 2008-276027) using a cleaning apparatus
including: a chamber; a mounting table provided in the cham-
ber, for mounting and heating a wafer; and a collecting plate
disposed to face the mounting table in the chamber. In this
method, the chamber is depressurized and the wafer is heated
to peel off particles from the wafer by thermal stress. Further,
the peeled-off particles move to the collecting plate by ther-
mophoretic force generated by a temperature gradient
between the wafer and the collecting plate.

However, as the dry cleaning method is repeated, the num-
ber of particles attached to the collecting plate increases and
this may lead to secondary contamination in which the par-
ticles fall from the collecting plate to be attached to the wafer.
For that reason, the particles attached to the collecting plate
need to be removed by cleaning the collecting plate regularly.
When the collecting plate is taken out for cleaning from the
cleaning apparatus, times and efforts are required. Moreover,
the cleaning of the collecting plate in the chamber may cause
the secondary contamination in which the particles removed
from the collecting plate freely scatter in the chamber to be
attached to other components in the chamber.
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2
SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
component cleaning method capable of easily cleaning a
component while preventing attachment of foreign materials
to other components, and a storage medium.

In accordance with a first aspect of the present invention,
there is provided a method for cleaning a component in a
substrate processing apparatus including a processing cham-
ber, foreign materials being attached to the component, at
least a part of the component being exposed inside the pro-
cessing chamber, and the substrate processing apparatus
being adapted to load and unload a foreign material adsorbing
member into and from the processing chamber. The method
includes loading the foreign material adsorbing member into
the processing chamber; generating a plasma nearer the com-
ponent than the foreign material adsorbing member; extin-
guishing the plasma; and unloading the foreign material
adsorbing member from the processing chamber. Further, in
the method in accordance with the first aspect of the present
invention, the generation and the extinguishment of the
plasma are repeated alternately and the foreign material
adsorbing member has a positive potential at least during the
extinguishment of the plasma.

In accordance with a second aspect of the present inven-
tion, there is provided a computer readable storage medium
storing a computer-executable program which performs a
method for cleaning a component in a substrate processing
apparatus including a processing chamber and a component
to which foreign materials are attached, wherein the substrate
processing apparatus is adapted to load and unload a foreign
material adsorbing member into and from the processing
chamber, and at least a part of the component is exposed
inside the processing chamber. Further, the method in accor-
dance with a second aspect of the present invention includes
loading the foreign material adsorbing member into the pro-
cessing chamber; generating a plasma nearer the component
than the foreign material adsorbing member; extinguishing
the plasma; and unloading the foreign material adsorbing
member from the processing chamber. Moreover, in the
method in accordance with the second aspect of the present
invention, the generation and the extinguishment of the
plasma are repeated alternately and the foreign material
adsorbing member has a positive potential at least during the
extinguishment of the plasma.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will
become apparent from the following description of embodi-
ments, given in conjunction with the accompanying draw-
ings, in which:

FIG. 1 is a cross sectional view schematically showing a
configuration of a wafer dry cleaning apparatus for perform-
ing a component cleaning method in accordance with a first
embodiment of the present invention;

FIGS. 2A to 2E describe a collecting plate cleaning process
using the component cleaning method of the first embodi-
ment;

FIGS. 3A and 3B illustrate repetition of start and stop of
surface wave plasma generation in the collecting plate clean-
ing process of FIG. 2, wherein FIG. 3A depict a case where
the repetition is performed in a pulse wave manner; and FIG.
3B shows a case where the repetition is performed in a sine
wave manner;

FIGS. 4A to 4D present a modification of a foreign material
adsorbing member used in the collecting plate cleaning pro-
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cess of FI1G. 2, wherein FIG. 4A is a cross sectional view in the
case of using a flat plate-shaped cover as the foreign material
adsorbing member, FIG. 4B is a cross sectional view in the
case of using a ring-shaped member as the foreign material
adsorbing member, FIG. 4C is a top view schematically
showing a structure of the ring-shaped member of FIG. 4B,
and FIG. 4D is a top view schematically showing a structure
of a bar-shaped member used as the foreign material adsorb-
ing member;

FIGS. 5A and 5B describe a modified process of the col-
lecting plate cleaning process of FIG. 2, wherein FIG. 5A is a
cross sectional view showing a case of applying a bias voltage
to the collecting plate, and FIG. 5B is a cross sectional view
illustrating a case of applying a negative DC voltage to the
collecting plate;

FIG. 6 represents a cross sectional view schematically
showing a configuration of a modification of the wafer dry
cleaning apparatus shown in FIG. 1;

FIG. 7 offers a cross sectional view schematically depict-
ing a configuration of a plasma etching apparatus for per-
forming a component cleaning method in accordance with a
second embodiment of the present invention; and

FIGS. 8A to 8E show an upper electrode cleaning process
using the component cleaning method of the second embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the present invention will be described
with reference to the accompanying drawings which form a
part hereof.

First of all, a component cleaning method in accordance
with a first embodiment of the present invention will be
described.

FIG. 1 is a cross sectional view schematically showing a
configuration of a wafer dry cleaning apparatus for perform-
ing the component cleaning method of this embodiment. The
wafer dry cleaning apparatus removes foreign materials
(hereinafter, referred to as “particles”) attached to a surface of
a semiconductor wafer (hereinafter, simply referred to as a
“wafer”) W without using solvent, solution or the like.

Referring to FIG. 1, a wafer dry cleaning apparatus 10
(substrate processing apparatus) includes: a processing
chamber 11; a mounting table 12 provided on a bottom por-
tion of the processing chamber 11; a collecting plate 13 (com-
ponent) disposed above the mounting table 12 with a prede-
termined gap therebetween to face the mounting table 12; and
a plasma generating device 14 provided above the collecting
plate 13. The mounting table 12 mounts thereon the wafer W.

The mounting table 12 is made of an insulating material,
and has therein an electrostatic electrode plate 15. The elec-
trostatic electrode plate 15 is connected to a first DC power
supply 16. When a positive DC voltage is applied from the
first DC power supply 16 to the electrostatic electrode plate
15, electrons are attracted to a surface (hereinafter, referred to
as a “backside”) of the water W that faces the mounting table
12. Since, however, the mounting table 12 is made of an
insulating material, the electrons remain thereon and a nega-
tive potential is generated on the backside of the wafer W.

At that time, a positive potential is generated on a surface
(hereinafter, referred to as a “top surface”) of the wafer W that
faces the collecting plate 13 due to reaction against the elec-
trons attracted on the backside of the wafer W. When the
negative potential is generated on the backside of the wafer W,
a potential difference is generated between the electrostatic
electrode plate 15 and the backside of the wafer W. The wafer
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W is attracted and held on the mounting table 12 by Coulomb
force or Johnson-Rahbek force caused by the potential dif-
ference. Besides, the mounting table 12 has therein an electric
heater 17 for heating the wafer W, and the electric heater 17 is
connected to a second DC power supply 18.

The collecting plate 13 is formed of a flat plate which has
a thickness of about 0.5 mm to 10 mm and is made of, e.g.,
Y,0;, quartz, polytetrafluoroethylene (e.g., Teflon (trade-
mark)), Si, Al, Al,O;, SiO, or the like. A surface roughness
thereof is set to be greater than or equal to a predetermined
value so that particles can be attached thereto.

The plasma generating device 14 is an inductively coupled
plasma (ICP) generating device, and is connected to a high
frequency power supply 19. The plasma generating device 14
generates a surface wave plasma from a processing gas intro-
duced into the processing chamber 11, and fills the processing
chamber 11 with the plasma. Further, the plasma generating
device 14 may be, e.g., an RLSA (Radial Line Slot Antenna)
microwave plasma generating device or a remote plasma
generating device which generates a surface wave plasma.

When the particles attached to the surface of the wafer W
are removed by the wafer dry cleaning apparatus 10, first of
all, the wafer W is mounted on the top surface of the mounting
table 12 and a pressure in the processing chamber 11 is
adjusted to a predetermined level by a pressure control device
(not shown).

Next, the wafer W is heated by the electric heater 17 to a
maximum heat resistant temperature of a photoresist film
formed on the wafer W, e.g., about 150° C., thereby causing
thermal stress and thermophoretic force to act on the particles
attached to the surface of the wafer W. Accordingly, the par-
ticles are peeled off and separated from the surface of the
wafer. In other words, when the wafer is heated to about 150°
C., the particles are peeled off from the wafer W by the
thermal stress.

At that time, since the collecting plate 13 disposed to face
the mounting table 12 is not heated, a temperature difference
between the top surface of the wafer W and the collecting
plate 13 increases, and a temperature gradient is generated in
an atmosphere surrounding the particles attached to the wafer
W. Due to the temperature gradient, the thermophoretic force
directed from the top surface of the wafer W at a high tem-
perature side to the collecting plate 13 at a low temperature
side acts on the particles peeled oft from the top surface of the
wafer W. Accordingly, the particles move to the collecting
plate 13 and then are attached to and collected by the collect-
ing plate 13.

The thermophoretic force can be defined as follows. When
a large temperature gradient is generated in a space where
particles exist, the momentum of gas molecules which collide
with the particles is larger at the higher temperature side than
at the lower temperature side. Accordingly, the force directed
from the higher temperature side to the low temperature side
acts on the particles, which is referred to as the thermo-
phoretic force. A large thermophoretic force acts when a
pressure is about 1.3x10 Pa (100 mTorr) to 1.3 kPa (10 Torr).
Therefore, when removing particles from the surface of the
walfer, it is preferable to adjust the pressure of the processing
chamber 11 to fall within the above range.

When the removal of the particles attached to the surface of
the wafer W is repeatedly performed in the wafer dry cleaning
apparatus 10, the number of particles attached to the collect-
ing plate 13 increases. For that reason, the particles attached
to the collecting plate 13 need to be removed.

FIGS. 2A to 2E describe a collecting plate cleaning process
as a component cleaning method in accordance with the first
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embodiment. This process is carried out, e.g., after the
cleaned wafer W is unloaded from the processing chamber
11.

Referring to FIGS. 2A to 2E, first of all, a dummy wafer 20
(foreign material adsorbing member) is loaded into the pro-
cessing chamber 11 and mounted on the mounting table 12.
By applying a positive DC voltage from the first DC power
supply 16 to the electrostatic electrode plate 15, the dummy
wafer 20 is electrostatically attracted and held on the mount-
ing table 20 (loading step). At that time, a positive potential is
generated on a top surface of the dummy wafer 20 (FIG. 2A).
Since the positive DC voltage is continuously applied to the
electrostatic electrode plate 15 until the dummy wafer 20 is
unloaded to the outside of the processing chamber 11, the
positive potential is kept on the surface of the dummy wafer
20.

Then, the inside of the processing chamber 11 is depres-
surized by a gas exhaust unit (not shown) to a high vacuum
state (e.g., about 1.3x107> Pa (1.0x107° Torr) or below), and
aprocessing gas mainly containing, e.g., Ar gas, is introduced
into the processing chamber 11. Further, a surface wave
plasma is generated by applying a high frequency voltage
from the high frequency power supply 19 to the plasma gen-
erating device 14, and the processing chamber 11 is filled with
the plasma thus generated.

In the wafer dry cleaning apparatus 10, the collecting plate
13 is positioned nearer the plasma generating device 14 than
the dummy wafer 20 electrostatically attracted and held on
the mounting table 12, so that the surface wave plasma is
generated nearer the collecting plate 13 than the dummy
wafer 20. Hence, the plasma density around the collecting
plate 13 is high compared to that around the dummy wafer 20.
As a result, the collecting plate 13 is easily sputtered by
positive ions in the plasma (indicated by “O™ in the draw-
ing), and the particles (indicated by “@” in the drawing)
attached to the collecting plate 13 are peeled off from the
collecting plate 13 by the sputtering of the positive ions (FIG.
2A).

The peeled-off particles scatter in the processing chamber
11, and collide with electrons (indicated by “‘e™ in the draw-
ing) in the plasma. Accordingly, the particles are negatively
charged and a negative potential is generated at the particles
(FIG. 2B).

Meanwhile, while the plasma exists in the processing
chamber 11, sheaths 21a and 216 are generated near the
surface of the dummy wafer 20 and the surface of the collect-
ing plate 13 due to the plasma (FIG. 2C). The sheaths are
regions where an ion density is high. Specifically, the positive
ions are accelerated toward the dummy wafer 20 and the
collecting plate 13 by attractive electrostatic force applied
thereto, but the electrons or the negatively charged particles
become distant from the dummy wafer 20 or the collecting
plate 13 by repulsive electrostatic force applied thereto. As a
result, the negatively charged particles float in the processing
chamber 11 due to the balance of the electrostatic forces from
the sheaths 21a, 215 and the gravity (FIG. 2C).

Further, the positive ions are attracted to the dummy wafer
20 by the sheath 214, so that the dummy wafer 20 is sputtered
by the positive ions. Since, however, the dummy wafer 20 is
distant from the plasma generating device 14, the plasma
density near the dummy wafer 20 is low and the sheath 21a is
thin. Therefore, the number of positive ions attracted to the
dummy wafer 20 is small and the energy is also low. For that
reason, the particles adsorbed on the dummy wafer 20 are
hardly rescatterred by sputtering of the positive ions, as will
be described later.
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Next, when the generation of the surface wave plasma by
the plasma generating device 14 is stopped by stopping appli-
cation of a high frequency voltage from the high frequency
power supply 19, the sheaths 21a and 215 are extinguished.
Specifically, when the sheath 214 is extinguished, the repul-
sive electrostatic force caused by the sheath 21a does not act
on the negatively charged particles near the sheath 21a and
the particles face the top surface of the dummy wafer 20
which has a positive potential. Then, the attractive electro-
static force acts between the negatively charged particles and
the positively charged top surface of the dummy wafer 20, so
that the particles are attracted to and adsorbed on the dummy
wafer 20 (FIG. 2D).

With this process, the start and the stop of the generation of
the surface wave plasma by the plasma generating device 14,
i.e., the peeling off of the particles from the collecting plate 13
(plasma generating step) shown in FIGS. 2A to 2C and the
adsorption of the particles onto the dummy wafer 20 (plasma
extinguishment step) shown in FIG. 2D, are repeated. Thus,
the peeling off of the particles from the collecting plate 13 and
the adsorption of the particles on the dummy wafer 20 can be
reliably carried out.

Preferably, a time period (first predetermined time period)
for generating a surface wave plasma by the plasma generat-
ing device 14 is enough for at least a part of the particles to be
peeled off from the collecting plate 13, and a time period 14
(second predetermined time period) for stopping the genera-
tion of the surface wave plasma by the plasma generating
device is enough for at least a part of the particles peeled off
from the collecting plate 13 to be attracted to and arrived at the
dummy wafer 20 by the electrostatic force generated by the
positive potential of the dummy wafer 20.

In this process, a high frequency voltage may be applied in
a pulse wave. In other words, the start and the stop of the
generation of the surface wave plasma by the plasma gener-
ating device 14 may be repeated in a pulse wave manner, as
can be seen from FIG. 3A. In this case, when the frequency of
the pulse wave is greater than or equal to, e.g., about 1 kHz,
the generation of the plasma may not cease as soon as the
application of the high frequency voltage to the plasma gen-
erating device 14 is stopped. Moreover, the generation of the
surface wave plasma needs to be kept for a duration to suffi-
ciently sputter the collecting plate 13 during the generation of
the surface wave plasma, and the generation of the surface
wave plasma needs to be stopped for a duration to reliably
extinguish the sheath, in order to facilitate the adsorption of
the particles onto the dummy wafer 20. Therefore, the fre-
quency of the pulse wave is preferably low, e.g., about 10 Hz
to 100 Hz.

Alternatively, the start and the stop of the generation of the
surface plasma by the plasma generating device 14 may be
repeated in a sine wave manner, as illustrated in FIG. 3B. In
such a case, the change in the electrostatic force applied to the
negatively charged particles, e.g., the change from the repul-
sive force to the attractive force or vise versa, can be made
smoothly. Therefore, the particles can be prevented from
scattering to unexpected locations because of the sudden
change of the electrostatic force.

Next, the electrostatic attraction of the dummy wafer 20 is
ceased by stopping the application of a positive DC voltage
from the first DC power supply 16 to the electrostatic elec-
trode plate 15. Then, the dummy wafer 20 is unloaded to the
outside of the processing chamber 11 (unloading step) (FIG.
2E), thereby completing this process.

In accordance with the collecting plate cleaning process
shown in FIGS. 2A to 2E, the dummy wafer 20 is loaded into
the processing chamber 11 and a positive potential is gener-
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ated on the top surface of the dummy wafer 20. Then, the start
and the stop of the generation of the surface wave plasma
nearer the collecting plate 13 than the dummy wafer 20 are
repeated alternately. Thereafter, the dummy wafer 20 is
unloaded from the processing chamber 11. Thus, the peeling
off of the particles from the collecting plate 13 by the plasma
sputtering and the adsorption of the particles on the dummy
wafer 20 by the electrostatic force are repeated alternately in
the processing chamber 11.

Therefore, the particles attached to the collecting plate 13
can be transferred to the dummy wafer 20 without unloading
the collecting plate 13 to the outside of the processing cham-
ber 11 while preventing the particles attached to the collecting
plate 13 from being adsorbed on other components of the
wafer dry cleaning apparatus 10. As a result, the collecting
plate 13 can be easily cleaned while preventing the particles
from being attached to other components.

In the collecting plate cleaning process of FIGS. 2A to 2E
described above, the mounting table 12 is covered with the
dummy wafer 20 loaded into the processing chamber 11, so
that the particles peeled off from the collecting plate 13 can be
prevented from being attached to the mounting table 12.
Further, since the particles are adsorbed on the dummy wafer
20, the particles can be removed from the processing chamber
11 only by unloading the dummy wafer 20.

In general, the wafer dry cleaning apparatus 10 has a
mechanism (not shown) for loading and unloading wafers
including the dummy wafer 20 and, thus, no additional
mechanism is required to remove particles.

In a conventional parallel plate plasma processing appara-
tus, when plasma is generated, a high frequency voltage
applied to the plasma processing apparatus needs to be
matched, and the matching requires a certain period of time.
Therefore, if the plasma generation time is short when repeat-
ing the generation and the extinguishment of the plasma, the
plasma may not be sufficiently generated.

However, in the collecting plate cleaning process shown in
FIGS. 2A to 2E, the processing chamber 11 is filled with the
plasma by the plasma generating device 14, e.g., an induc-
tively coupled plasma processing device for generating sur-
face wave plasma, so that the matching of the high frequency
voltage is not required. Accordingly, even if the plasma gen-
eration time is short, the plasma can be stably generated in the
processing chamber 11 and, also, the particles can be reliably
peeled off from the collecting plate 13.

In the collecting plate cleaning process shown in FIGS. 2A
to 2E, the dummy wafer 20 is mounted on the mounting table
12 and is electrostatically attracted and held thereon. How-
ever, instead of the dummy wafer 20, there may be employed
a flat cover 21 which is electrically charged to a positive
potential and serves as a foreign material adsorbing member.
The flat cover 21 is loaded into the processing chamber 11 and
arranged to cover the mounting table 12 between the collect-
ing plate 13 and the mounting table 12 without being mounted
on the mounting table 12 (FIG. 4A).

In such a case, the negatively charged particles peeled off
from the collecting plate 13 are adsorbed on the flat cover 21.
Therefore, the particles can be removed from the processing
chamber 11 merely by unloading the cover 21 to the outside
thereof. In addition, since the mounting table 12 is covered by
the cover 21, the particles peeled off from the collecting plate
13 can be prevented from being attached to the mounting
table 12.

Furthermore, the foreign material adsorbing member
loaded into the processing chamber 11 is not limited to the
cover 21. There may be used a positively charged ring-shaped
member 22 as shown in FIGS. 4B and 4C, or a positively
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charged bar-shaped member 23 as shown in FIG. 4D, for
example. In that case as well, the particles peeled off from the
collecting plate 13 and negatively charged are adsorbed on the
ring-shaped member 22 or the bar-shaped member 23.

The ring-shaped member 22 or the bar-shaped member 23
is preferably provided with a plurality of suction ports 22a or
23a for sucking the particles together with an atmosphere.
Hence, the negatively charged particles attracted by the posi-
tive potential of the ring-shaped member 22 or the bar-shaped
member 23 are sucked to be discharged to the outside of the
processing chamber 11.

Inthe collecting plate cleaning process shown in FIGS. 2A
to 2E, when the particles are peeled off from the collecting
plate 13 by the plasma sputtering, a bias voltage may be
applied from another high frequency power supply 24 to the
collecting plate 13 (FIG. 5A). In that case, the plasma can be
reliably attracted to the collecting plate 13 by the bias voltage
applied thereto and, here, the peeling off of the particles can
be facilitated.

Moreover, when the particles are peeled off from the col-
lecting plate 13 by the plasma sputtering, at least one of heat,
impact and vibration may be applied to the collecting plate
13. Accordingly, the peeling off of the particles can be facili-
tated by thermal stress or impact force acting on the particles.

Inthe collecting plate cleaning process shown in FIGS. 2A
to 2E, when the processing chamber 11 is filled with the
plasma, it is preferable not to apply a bias voltage to the
mounting table 12 in order to protect the dummy wafer 20
from the plasma sputtering.

Besides, in the collecting plate cleaning process shown in
FIGS. 2A to 2E, when the particles are adsorbed on the
dummy wafer 20 by the electrostatic force, the collecting
plate 13 may be charged to a negative potential by applying a
negative DC voltage from a third DC power supply 25 to the
collecting plate 13 (FIG. 5B). In that case, the negative poten-
tial is generated on the collecting plate 13, and the repulsive
electrostatic force acts on the negatively charged particles
such that the particles become distant from the collecting
plate 13.

Accordingly, the adsorption of the particles on the dummy
wafer 20 can be facilitated and, also, the negatively charged
particles can be prevented from being reattached to the col-
lecting plate 13.

Inthe collecting plate cleaning process shown in FIGS. 2A
to 2E, only the electrostatic force is used to adsorb the par-
ticles on the dummy wafer 20. However, thermophoretic
force may also be used in addition to the electrostatic force. In
that case, an electric heater 26 is embedded in the collecting
plate 13 and a peltier element 27 is installed in the mounting
table 12, as shown in FIG. 6.

Then, when the generation of the surface wave plasma is
stopped, the collecting plate 13 is heated by the electric heater
26 and the dummy wafer 20 is cooled by the peltier element
27. Thus, a temperature gradient is generated between the
collecting plate 13 and the dummy wafer 20. Due to the
temperature gradient, thermophoretic force directed from the
collecting plate 13 at a higher temperature side to the dummy
wafer 20 at a lower temperature side acts on the particles.
Accordingly, the adsorption of the particles on the dummy
wafer 20 can be further facilitated.

Furthermore, the dummy wafer 20 may be provided with a
particle capturing portion 28 for capturing particles attached
to the surface thereof (FIG. 6). As for the particle capturing
portion 28, it is possible to use, e.g., a mesh-shaped structure,
a nonwoven fabric or an adhesive sheet having plasma resis-
tance.
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Due to the presence of the particle capturing portion 28, it
is possible to prevent rescattering of the particles adsorbed on
the dummy wafer 20, thereby protecting the processing
chamber 11 from recontamination by the rescattered par-
ticles. At that time, in order to increase the thermophoretic
force, it is preferable to adjust a pressure in the processing
chamber 11 to about 1.3x10 Pa (100 mTorr) to 1.3 kPa (10
Torr).

In the collecting plate cleaning process shown in FIGS. 2A
to 2K, a positive DC voltage is constantly applied to the
electrostatic electrode plate 15 during the repetition of the
peeling off of the particles from the collecting plate 13 and the
adsorption of the particles on the dummy wafer 20. Further, a
positive potential is generated on the top surface of the
dummy wafer 20 during the peeling off of the particles from
the collecting plate 13. However, since the negatively charged
particles become distant from the dummy wafer 20 by the
repulsive electrostatic force caused by the sheath 21a, the
attractive electrostatic force caused by the positive potential
on the top surface of the dummy wafer 20 hardly acts on the
particles.

Therefore, a positive DC voltage may be applied to the
electrostatic electrode plate 15 only during the adsorption of
the particles on the dummy wafer 20 without being applied
during the peeling off of the particles from the collecting plate
13.

Hereinafter, a component cleaning method in accordance
with a second embodiment of the present invention will be
explained.

FIG. 7 is a cross sectional view schematically showing a
configuration of a plasma etching apparatus in which the
component cleaning method in accordance with the second
embodiment is performed. This plasma etching apparatus
performs, e.g., a dry etching process, on the wafer W.

Referring to FIG. 7, a plasma etching apparatus 30 (sub-
strate processing apparatus) includes a chamber 21 (process-
ing chamber) for accommodating a wafer W having a diam-
eter of, e.g., about 300 mm, and a cylindrical susceptor
(mounting table) for mounting thereon the wafer W is pro-
vided at a lower portion of the chamber 31. Further, in the
plasma etching apparatus 30, a side exhaust passageway 33 is
formed by an inner sidewall of the chamber 31 and a side
surface of the susceptor 32. A gas exhaust plate 34 is disposed
in the middle of the side exhaust passageway 33.

The gas exhaust plate 34 is a plate-shaped member having
a plurality of openings and serves as a partition plate for
partitioning the chamber 31 into an upper part and a lower
part. A plasma is generated in the upper part (hereinafter,
referred to as a “reaction chamber”) 35 of the processing
chamber 31 which is partitioned by the gas exhaust plate 34.
Further, the lower part (hereinafter, referred to as an “exhaust
chamber (manifold)”) 36 of the processing chamber 31 is
connected to a gas exhaust unit (not shown) for exhausting a
gas in the chamber 31. The gas exhaust plate 34 catches or
reflects the plasma generated in the reaction chamber 35 to
prevent leakage of the plasma to the manifold 36.

The gas exhaust unit depressurizes the inside of the pro-
cessing chamber 31 to a high vacuum state (e.g., 1.3x107> Pa
(1.0x107° Torr) or below)). The pressure in the chamber 31 is
controlled by a pressure control unit (not shown).

The susceptor 32 in the processing chamber 31 is con-
nected to a first high frequency power supply 37 for applying
a bias voltage to the susceptor 32. Accordingly, the susceptor
32 serves as a lower electrode.

An electrostatic chuck 39 made of an insulating member
and having therein an electrostatic electrode plate 38 is dis-
posed on the susceptor 32. A DC power supply 40 is con-
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nected to the electrostatic electrode plate 38. When a positive
DC voltage is applied to the electrostatic electrode plate 38, a
negative potential is generated on a surface (hereinafter
referred to as a “backside”) of the wafer W that faces the
susceptor 32 as in the wafer dry cleaning apparatus 10, and a
positive potential is generated on a surface (hereinafter
referred to as a “top surface”) of the wafer W which is oppo-
site to the backside. The wafer W is attracted and held on the
electrostatic chuck 39 by Coulomb force or Johnsen-Rahbek
force.

An annular focus ring 40 is mounted on the electrostatic
chuck 39 so as to surround the attracted and held wafer W.
Due to the presence of the focus ring 40, the plasma distribu-
tion region is expanded from a space above the wafer W to a
space above the focus ring 40. Accordingly, the plasma den-
sity at the peripheral portion of the wafer W is maintained at
a level substantially equal to that at the central portion of the
wafer W.

A showerhead 41 is disposed at a ceiling portion of the
chamber 31 to face the susceptor 32. The showerhead 41 has
anupper electrode 42 (component) and a cooling plate 43 that
detachably holds the upper electrode 42. The upper electrode
42 is formed of a conductive disk-like shaped member having
a plurality of openings 47. The cooling plate 43 has therein a
buffer chamber 44 which is connected to a processing gas
inlet line 45. The upper electrode 42 is connected to a second
high frequency power supply 46 for applying to the susceptor
32 a high frequency voltage for plasma generation which has
a relatively high frequency.

In the plasma etching apparatus 30, the processing gas
supplied from the processing gas inlet line 45 into the buffer
chamber 44 is introduced into the reaction chamber 35 via the
gas openings 47. The introduced processing gas is excited by
the high frequency voltage for plasma generation which is
applied from the second high frequency power supply 46 to
the reaction chamber 35 via the upper electrode 42, and is
converted into plasma. The plasma is attracted to the wafer W
electrostatically held on the electrostatic chuck 39 by the bias
voltage applied to the susceptor 32 from the first high fre-
quency power supply 37, thereby performing a dry etching
process on the wafer W.

Operations of the components of the plasma etching appa-
ratus 30 described above are controlled by a CPU of a control
unit (not shown) provided to the plasma etching apparatus 30
based on a predetermined program.

When the dry etching process is performed by the plasma
etching apparatus 30, particles and/or reaction products
caused by the processing gas may be generated. Further, the
repeated performance of the dry etching process may lead to
attachment of the reaction products and/or the particles to
each component, e.g., the upper electrode 42. Besides, if the
attached particles drop on the wafer W, the semiconductor
devices may become defective. For that reason, the reaction
products and/or the particles attached to the upper electrode
42 need to be removed regularly.

FIGS. 8A to 8E show an upper electrode cleaning process
as a component cleaning method of this embodiment. This
process is carried out after, e.g., the dry etching process, is
repeated a predetermined number of times.

Referring to FIGS. 8A to 8E, first of all, the dummy wafer
20 is loaded into the reaction chamber 35 and mounted on the
electrostatic chuck 39. Next, a positive DC voltage is applied
from the DC power supply 40 to the electrostatic electrode
plate 38, so that the dummy wafer 20 is electrostatically
attracted and held on the electrostatic chuck 39 (loading step).

At that time, a positive potential is generated on the top
surface of the dummy wafer 20 (FIG. 8A). Further, since the
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positive DC voltage is continuously applied to the electro-
static electrode plate 38 until the dummy wafer 20 is unloaded
to the outside of the reaction chamber 35, the positive poten-
tial is kept on the top surface of the dummy wafer 20.

Then, the inside of the reaction chamber 35 is depressur-
ized by a gas exhaust unit to a high vacuum state (e.g., 1.3x
1073 Pa (1.0x107° Torr) or below) and a processing gas
mainly containing, e.g., oXygen gas or argon gas, is intro-
duced into the reaction chamber 35. Moreover, a high fre-
quency voltage for plasma generation is applied from the
second high frequency power supply 46 to the reaction cham-
ber 35 via the upper electrode 42. Accordingly, plasma con-
taining positive ions or radicals is generated from the process-
ing gas and the reaction chamber 35 is filled with the plasma.

In the plasma etching apparatus 30, the high frequency
voltage for plasma generation is applied to the upper elec-
trode 42, so that the plasma is generated nearer the upper
electrode 42 than the dummy watfer 20 and the plasma density
around the upper electrode 42 is greater than that around the
dummy wafer 20.

As aresult, the upper electrode 42 is easily sputtered by the
positive ions (indicated by “O*> in the drawing) in the
plasma, and the particles (indicated by “@” in the drawing)
attached to the upper electrode 42 are peeled off from the
upper electrode 42 by the sputtering of the positive ions (FIG.
8A). Further, the radicals (not shown) in the plasma easily
reach the upper electrode 42, and decompose and remove the
reaction products attached to the upper electrode 42.

Here, the peeled-off particles scatter in the reaction cham-
ber 35 and collide with electrons (indicated by “e™ in the
drawing) in the plasma. Thus, the particles are negatively
charged and a negative potential is generated at the particles
(FIG. 8B).

Further, when the plasma exists in the reaction chamber 35,
sheaths 48a and 48b are generated near the surface of the
dummy wafer 20 and the surface of the upper electrode 42 by
the plasma (FIG. 8C). The negatively charged particles float
in the reaction chamber 35 due to the balance of the electro-
static forces from the sheaths 48a, 485 and the gravity (FIG.
8C). Furthermore, since the sheath 48q is relatively thin for
the same reason applied to the sheath 21a, the particles
adsorbed on the dummy wafer 20 are hardly rescattered even
by the sputtering of the positive ions.

Next, when the plasma generation is ceased by stopping
application of a high frequency voltage from the second high
frequency power supply 46, the sheaths 484 and 486 are
extinguished. Accordingly, the negatively charged particles
face the top surface of the dummy wafer 20 having a positive
potential and then are attracted to and adsorbed on the dummy
wafer 20 by the electrostatic force (FIG. 8D).

In this process as well, the generation and the extinguish-
ment of the plasma in the reaction chamber 35, i.e., the peel-
ing off of the particles from the upper electrode 42 (plasma
generation step) shown in FIGS. 8A to 8C and the adsorption
of the particles on the dummy wafer 20 (plasma extinguish-
ment step) shown in FIG. 8D are repeated, as in the collecting
plate cleaning process shown in FIGS. 2A to 2E. Accordingly,
the peeling off of the particles from the upper electrode 42 and
the adsorption of the particles on the dummy wafer 20 can be
reliably performed.

Moreover, in this process as well, the generation and the
extinguishment of the plasma is repeated in a pulse wave
manner and the frequency of the pulse wave is set to about 10
Hz to 100 Hz, as in the collecting plate cleaning process
shown in FIGS. 2A to 2E. Besides, in this process as well, the
generation and the extinguishment of the plasma may be
repeated in a sine wave manner.

20

25

30

35

40

45

50

55

60

65

12

Next, the electrostatic attraction of the dummy wafer 20 is
ceased by stopping application of a positive DC voltage from
the DC power supply 40 to the electrostatic electrode plate 38
and the dummy wafer 20 is unloaded to the outside of the
chamber 31 (unloading step) (FIG. 8E), thereby completing
this process.

In accordance with the upper electrode cleaning process
shown in FIGS. 8A to 8E, the dummy wafer 20 is loaded into
the reaction chamber 35 and a positive potential is generated
on the top surface of the dummy wafer 20. Then, the genera-
tion and the extinguishment of the plasma are repeated nearer
the upper electrode 42 than the dummy wafer 20. Thereafter,
the dummy wafer 20 is unloaded from the reaction chamber
35.

Therefore, the particles can be transferred to the dummy
wafer 20 without unloading the upper electrode 42 from the
chamber 31 while preventing the particles attached to the
upper electrode 42 from being adsorbed on other components
in the plasma etching apparatus 30. As a result, the upper
electrode 42 can be easily cleaned while preventing the par-
ticles from being attached to other components.

Moreover, the electrostatic chuck 39 is covered with the
dummy wafer 20 loaded into the reaction chamber 35, so that
the particles peeled off from the upper electrode 42 are pre-
vented from being attached to the electrostatic chuck 39.

In the above-described embodiments, a substrate pro-
cessed by the wafer dry cleaning apparatus 10 or the plasma
etching apparatus 30 is a wafer for semiconductor devices.
However, the substrate subjected to the processing is not
limited to the wafer and may be, e.g., a glass substrate such as
an LCD (Liquid Crystal Display), an FPD (Flat Panel Dis-
play) or the like.

Further, it is to be understood that the present invention can
also berealized by supplying to computer (e.g., a control unit)
a storage medium in which program codes of software that
implements the functions of the aforementioned embodi-
ments are stored, and then causing a CPU of the computer to
read out and execute the program codes stored in the storage
medium.

In this case, the program codes themselves read out from
the storage medium realize the functions of the aforemen-
tioned embodiments and, hence, the program codes and the
storage medium in which the program codes are stored fall
within a scope of the present invention.

Moreover, the storage medium for supplying the program
codes may be, e.g., an RAM, an NVRAM, a floppy (regis-
tered trademark) disk, a hard disk, a magnetic-optical disk, an
optical disk such as aCD-ROM, a CD-R, aCD-RW, aDVD (a
DVD-ROM, a DVD-RAM, a DVD-RW, a DVD+RW) or the
like, a magnetic tape, a non-volatile memory card, another
ROM or the like. Alternatively, the program codes may be
supplied to the computer by downloading from another com-
puter (not shown), a database or the like connected to the
Internet, a commercial network, a local area network or the
like.

Besides, it is to be understood that the functions of the
aforementioned embodiments may be accomplished not only
by executing the program codes read out by the computer, but
also by causing an OS (operating system) or the like that
operates on the CPU to perform a part or all of the actual
operations based on instructions of the program codes.

Further, it is to be understood that the functions of the
aforementioned embodiments may also be accomplished by
writing the program codes read out from the storage medium
into a memory provided on a function expansion board
inserted into the computer or in a function expansion unit
connected to the computer, and then causing the CPU or the
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like provided on the expansion board or in the expansion unit
to perform a part or all of the actual operations based on
instructions of the program codes.

The form of the program codes may be an object code, a
program code executed by an interpreter, script data supplied
to an OS, or the like.

While the invention has been shown and described with
respect to the embodiments, it will be understood by those
skilled in the art that various changes and modification may
be made without departing from the scope of the invention as
defined in the following claims.

What is claimed is:

1. A method for cleaning a component in a substrate pro-
cessing apparatus including a processing chamber, foreign
materials being attached to the component, at least a part of
the component being exposed inside the processing chamber,
and the substrate processing apparatus being adapted to load
and unload a foreign material adsorbing member into and
from the processing chamber, the method comprising:

loading the foreign material adsorbing member onto a

mounting table in the processing chamber;
generating from a plasma source a plasma nearer to the
component than to the foreign material adsorbing mem-
ber, said component disposed above the mounting table
and between the mounting table and the plasma source,
to thereby peel off the foreign materials from the com-
ponent by sputtering of positive ions in the plasma, the
peeled-off foreign materials being negatively charged
by colliding with electrons in the plasma;

extinguishing the plasma, wherein after extinguishing the
plasma, the negatively charged foreign materials are
adsorbed on the foreign material adsorbing member by
an attractive electrostatic force between the negatively
charged foreign materials and the foreign material
adsorbing member; and

unloading the foreign material adsorbing member from the

processing chamber,

wherein the generation and the extinguishment of the

plasma are repeated alternately and the foreign material
adsorbing member has a positive potential at least during
the extinguishment of the plasma.

2. The method of claim 1, wherein the plasma is generated
for a first time period and is extinguished for a second time
period, the first time period being enough for at least a part of
the foreign materials to be peeled off from the component by
sputtering of the plasma, and the second time period being
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enough for at least a part of the peeled-off foreign materials to
be attracted to and reach the foreign material adsorbing mem-
ber by a positive potential of the foreign material adsorbing
member.

3. The method of claim 1, wherein the generation and the
extinguishment of the plasma are repeated in a pulse wave
manner, and a frequency of the pulse wave is about 10 Hz to
100 Hz.

4. The method of claim 1, wherein the generation and the
extinguishment of the plasma are repeated in a sine wave
manner.

5. The method of claim 1, wherein, in said generating the
plasma, the processing chamber is filled with the plasma
generated by a plasma generating device for generating a
surface wave plasma.

6. The method of claim 1, wherein, in said extinguishing
the plasma, the component is made to have a negative voltage.

7. The method of claim 1, wherein, in said generating the
plasma, a bias voltage is applied to the component.

8. The method of claim 1, wherein, in said generating the
plasma, at least one of heat, impact, vibration is applied to the
component.

9. The method of claim 1, wherein the foreign material
adsorbing member has a foreign material capturing portion.

10. The method of claim 1, wherein the substrate process-
ing apparatus is a substrate dry cleaning apparatus; the com-
ponent is a foreign material collecting plate; and the foreign
material adsorbing member is a dummy wafer, wherein the
substrate dry cleaning apparatus has a mounting table pro-
vided in the processing chamber for mounting thereon the
dummy wafer and the mounting table is covered with the
dummy wafer loaded into the processing chamber.

11. The method of claim 1, wherein the substrate process-
ing apparatus is a plasma etching apparatus; the component is
an upper electrode; and the foreign material adsorbing mem-
ber is a dummy wafer, wherein the plasma etching apparatus
has a mounting table provided in the processing chamber for
mounting thereon the dummy wafer and the mounting table is
covered with the dummy wafer loaded into the processing
chamber.

12. The method of claim 1, wherein said loading of the
foreign material adsorbing member is performed after pro-
cessing a plurality of substrates sequentially in the processing
chamber, and the component is provided in the processing
chamber while processing the substrates.

#* #* #* #* #*
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